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1

FLUID FLOW SENSING SWITCH DEVICE AND
METHOD OF MAKING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention |

This invention relates to an improved fluid flow sens-
ing switch device and method of making the same as
well as to a fuel control system utilizing such device for
controlling the operation of electrical ignition means for
a burner means of the fuel control system.

2. Prior Art Statement

It 1s known to appllcant to prowde in a fuel control
system, a fluid flow sensing switch device having a
housing means provided with a fluid flow passage
therethrough defined by an inlet and an outlet separated
by a valve seat controlled by a movable valve member
that 1s operated by the pressure differential between the
inlet and the outlet, the device having an electrical
switch construction operatively associated with the
valve member and having contact means thereof actu-
ated by the pressure differential. A pressure regulator is
provided for such system and is disposed intermediate
such fluid flow sensing switch device and the burner
means that receives fuel from the fluid flow sensing
switch device., |

For example, see the followmg COo- pendlng U.S. Pa-
tent Application: (1) Ser. No. 936,112 ﬁled Aug. 23,
1978.

The fluid flow sensing switch device of Item (1)
above has one contact of the electrical switch construc-
tion carried by a flexible diaphragm that actuates the
switch construction and the movement of the valve
member by sensing the pressure differential between the
inlet and the outlet across the same, and has the other
contact of the switch construction carried on the valve
member to be contacted by the diaphragm contact
when the diaphragm moves its contact against the valve
member contact so that the switch construction will be
closed before the diaphragm can move the valve mem-
ber to an open position thereof.

In the system of Item (1) above, such fluid flow sens-
ing switch device is utilized in combination with a pres-
sure regulator that is disposed intermediate the fluid
flow sensing switch device and the burner means that
receives fuel therefrom so that the fuel will be at a
proper pressure valve when received by the burner
means. |

It was found according to the teachings of applicant’s
copending patent application, Ser. No. 936,113 filed
Aug. 23, 1978, that the contact means of the electrical
switch construction of Item (1) above can be arranged
and comprise a pair of spaced apart contacts carried by
- the flexible diaphragm and a bridging contact member
carried by the valve member and being adapted to make

contact with the pair of contacts and thereby bridge the

pair of contacts to close the switch construction.

It 1s also known to applicant to provide an electronic
switching circuit to be controlled by the switch con-
struction of such a fluid flow sensing switch device so
that a relatively small current flow can be controlled by
the switch construction of the fluid flow sensing switch
device to eliminate any build up of carbon on the

contacts thereof while permitting the electronic switch-

ing means to control a large current flow for operating
the burner ignition means.
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2

For example, see the following copending U.S. patent
application: (2) Ser. No. 936,116, filed Aug. 23, 1978.

'SUMMARY OF THE INVENTION

It i1s a feature of this invention to provide a fluid flow
sensing switch device that s relatively compact while
being relatively easy to manufacture and assemble.

In particular, 1t was found according to the teachings
of this invention that the aforementioned prior known
fluid flow sensing switching devices each requires a
separate pressure regulator to be utilized in combination
therewith in the fuel control system utilizing such fluid

flow sensing switch device.

However, it was found according to the teachings of
this invention, that a pressure regulator means could be
disposed in the same housing means of the fluid flow
sensing switch device in such a manner that the result-
ing self-contained housing means still could be substan-
tially the same size as the housing means of the prior
known fluid flow sensing switch device so that a consid-
erable savings in materials would be provided by dis-
posing two control devices in a single self-contained
housing and a savings would be provided in the manu-
facturing costs of a system utilizing the same. |

In particular, one embodiment of this invention pro-
vides a fluid flow sensing switch device having a self-
contained housing means provided with a fluid flow
passage therethrough defined by an inlet and an outlet
disposed in spaced coaxially aligned relation in the
housing means and separated by a main valve seat con-
trolled by a movable main valve member that is oper-
ated by the pressure differential between the inlet and
the outlet, the device having an electrical switch con-
struction operatively associated with the main valve
member and having contact means thereof actuated by
the pressure differential. A pressure regulator means 1s
disposed 1n the housing means for regulating the pres-
sure of the fluid that passes from the inlet to the outlet
of the housing means, the pressure regulator means
being disposed downstream from the main valve seat so
as to act on the tluid after the same passes through the
main valve seat from the inlet. The pressure regulator
means has a valve seat and a valve member for control-
ling the valve seat thereof, the valve seat of the pressure
regulator means and the main valve seat being disposed
in spaced coaxially aligned relation in the housing
means and substantially transverse to the coaxially
aligned inlet and outlet. |

The contact means of such fluid flow sensing switch
device can comprise a pair of spaced apart contacts
carried by a flexible diaphragm and a bridging contact
member carried by the main valve member and being
adapted to make contact with the pair of contacts and
thereby bridge the pair of contacts to close the switch
construction, the diaphragm moving the valve member
by having the pair of contacts thereof engage the bridg-
ing contact member and move the same therewith as the
bridging contact member is secured to the main valve
member.

Accordingly, it is an object of this invention to pro-
vide an improved fluid flow sensing switch device hav-
ing one or more of the novel features of this invention as
set forth above or hereinafter shown or described.

Another object of this invention is to provide a
method of making such a fluid flow sensing device, the
method of this. invention having one or more of the

novel features of this invention as set forth above or
hereinafter shown or described.



3 .

Another object of this invention is to provide a fuel
control system utilizing such a fluid flow sensing switch
device, the fuel control system of this invention having
one or more of the novel features of this invention as set
forth above or hereinafter shown or described.

Other objects, uses and advantages of this invention
are apparent from a reading of this description which
proceeds with reference to the accompanying drawings
- forming a part thereof and wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view illustrating the fuel con-
- trol system of this invention that includes the fluid flow
sensing switch device of this invention.

FIG. 2 1s an enlarged top view of the fluid flow sens-
- ing switch device of this invention that is schematically
tllustrated in FIG. 1.

FIG. 3 is an enlarged cross-sectional view taken on
lime 3—3 of FIG. 2.

FIG. 4 1s a fragmentary view similar to FIG. 3 and
illustrates the fluid flow sensing switch device in a dif-
ferent Operatlng condition thereof.

FIG. 5 is a view similar to FIGS. 3 and 4 and illus-
trates the fluid flow sensing switch device in still an-
other Operatmg condition thereof.

FIG. 6 1s a cross-sectional view of the fluid ﬂow-

sensing switch device of FIG. 3 and is taken in the
direction of the arrows 6—6 thereof.

FIG. 7 is a schematic view of the electronic switching
means that can be utilized with the fluid flow sensing
switch device of FIGS. 2-6.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

While the various features of this invention are here-
inafter described and illustrated as being particularily

adapted to provide a fluid flow sensing switch device

for a fuel control system, such as for a cooking appara-
tus or the like, it is to be understood that the various
features of this invention can be utilized singly or in any
combination thereof to provide a fluid flow sensing
switch device for other types of apparatus as desired.

Therefore, this invention is not be limited to only the
embodiment illustrated in the drawings, because the
drawings are merely utilized to illustrate one of the
wide variety of uses of this invention.

Referring now to FIG. 1, the improved fuel control
system of this invention is generally indicated by the
reference numeral 20 and is being utilized for control-
ling the operation of a main burner means 21 of a cook-
ing apparatus or the like (not shown) that is adapted to
recetve gaseous fuel from a fuel source 22 when a con-
ventional “on-off” valve 23 for the burner means 21 is
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primary coil 25 is interconnected by a lead means 34 to
a main power source lead L1.

The other terminal means 28 of the switch construc-
tion 30 is adapted to be interconnected by a lead means
35 to the other main power source lead 1.2 as illustrated
in FIG. 1. _

If desired, an electronic sw1tchlng unit that is gener-
ally indicated by reference numeral 105 in FIGS. 1 and
7 can be disposed in the lead means 31 and 35 for a
purpose hereinafter described or such electronic
switching unit 105 can be disposed inside the device 27
as hereinafter described and as set forth in the aforemen-
tioned copending patent application Ser. No. 936,113.

The fuel source 22 is adapted to be interconnected to
the inlet side 36 of the fluid flow sensing switch device
27 of this invention by a conduit means 37 while the
outlet side 38 of the device 27 is adapted to be intercon-
nected by a conduit means 43 to the inlet side 44 of the
“on-off” valve 23 that has its outlet side 45 intercon-
nected by a conduit means 46 to the burner 21.

In the similar systems of all of the aforementioned
copending patent application, a separate pressure regu-
lator is disposed in the conduit means 43. However, as
will be apparent hereinafter, the device 27 of this inven-

tion includes a pressure regulator means therein so that

pressure of the fuel permitted to reach the burner means
21 will be at the proper pressure valve. The pressure
regulator means of this invention is generally indicated
by the reference numeral 40 in FIGS. 2-6.

While the system 20 is illustrated as having only one
burner 21 and one ignitor coil 24 respectively therefor,

- it 15 to be understood that the system 20 could have a

35

435

50

- turned an “on’’ condition thereof whereby the fuel issu-

ing from the burner means 21 is adapted to be ignited by
an electrically operated ignitor coil 24 disposed adja-
cent thereto and being energized when electrical cur-
rent 1s permitted to flow through a primary coil 25 of a
transformer means 26 of this invention caused by elec-
trical connection between a pair of terminal means 28
and 29 of an electrical switch construction 30 thereof
(FIG. 3) upon the sensing of a flow of fuel from the
device 27 toward the burner means 21 in the manner
hereinafter described.

The terminal 29 of the switch construction 30 is
adapted to be electrically interconnected by a lead
means 31 to one side 32 of the primary coil 25 of the
transformer means 26 while the other side 33 of the

>3

60

plurality of burners 21 and each have an ignitor coil 24
therefor that is also electrically interconnected to a
secondary winding 47 of the transformer means 26 in
any suitable manner.

For example, the ignition coil 24 can be of the type
set forth in the U.S. Patent to Branson, No. 4,003,360 or
set forth in the U.S. Patent to Grayson et al, No.
3,898,403.

In any event, it can be seen that the fuel control sys-
tem 20 is so constructed and arranged that each time the
“on-off”’ valve 23 is turned to an “on” condition thereof,
fuel is adapted to flow from the fuel source 22 to the
burner 21, the device 27 of this invention being so con-
structed and arranged in a manner hereinafter set forth
that the same senses the opening of the valve 23 in a
manner to cause the terminal means 28 and 29 to be
electrically interconnected together to operate the igni-
tor 24 before the device 27 permits fuel to flow there-
through from the source 22 to the burner means 21. In
this manner, by the time the fuel flows through the
device 27 to the burner means 21 to issue therefrom, the
ignition coil 24 is already operating to ignite the fuel
flow from the burner 21.

The ignitor coil 24 remains in an energized condition
thereof as long as the fuel continues to flow from the
source 22 through the device 27 to the burner 21 as will
be apparent hereinafter.

Thereafter, when the operator closes the “on-off”
valve 23, the device 27, sensing the closing of the valve
means 23 in a manner hereinafter set forth, subsequently
not only disconnects the conduits 37 and 43 from each

- other, but also disconnects the terminals 28 and 29 of

65

the switch construction 30 to terminate the operation of
the 1gnition coil 24.

The details of the improved fluid flow sensing switch
device 27 of this invention and the method of this inven-
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tion for making the same will now be described and
reference is made to FIGS. 3-6 wherein it can be seen
that the device 27 has a self-contained housing means 48
that includes an inlet 49 and an outlet 50 separated from
each other by a resilient valve seat 51 that is adapted to
be opened and closed by a valve member 52 movably

carried by the housing 48 in a manner hereinafter de-

scribed. |
In this manner, the inlet 49 and outlet 50 provide a
fluid flow path through the housing means 48 adapted

to be respectfully interconnected to the conduits 37 and
43 for the purpose previously described.

A flexible diaphragm 83 has its outer peripheral por-
tion 54 secured to the housing means 48 by being held
between a main body part 55 thereof and a cover plate
56 thereof fastened to the body part 8§ by threaded
fastening means 57 whereby the side 58 of the flexible
diaphragm 53 cooperates with the housing part 55 to
define part of the inlet 49 thereof and the other side 59
of the flexible diaphragm 53 cooperates with the cover
part 36 to define a control chamber 60 therewith that is
sealed from the outlet 50 by the flexible diaphragm 33.

A compression spring 61 is disposed in the control
chamber 60 and has one end 62 bearing against the
cover member 56 and the other end 63 thereof bearing
agamst the diaphragm 53 to tend to urge the diaphragm
53 upwardly in FIG. 3 for a purpose hereinafter de-
scribed.

The housing means 48 has a passage 64 therein that
leads from the downstream side of the valve seat 51 to
the control chamber 60 so that when fuel flows through
the open valve seat 51 in a manner hereinafter de-
scribed, a venturi effect 1s created by such flow of fuel
through the valve seat 51 to the outlet 50 so that the
passage 64 and the control chamber 60 are partially
evacuated to a certain extent. In this manner, a resulting
pressure differential acting across the diaphragm 53 in
opposition to the force of the compression spring 61
will cause the diaphragm 53 to move downwardly in
the drawings from the position illustrated in FIG. 3 to
the position illustrated in FIG. 5 not only for the pur-
pose of closing the contact means, generally indicated
by the reference numeral 65, of the switch construction
30 as 1illustrated in FIG. 4, but also to open the valve
member 52 away from the valve seat 51 in a manner
hereinafter described and as illustrated in FIG. 5.
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The valve member 52 has an intermediate wall 52’ '

provided with an orifice cup 66 to thereby provide a
restricted passage between the inlet 49 and the outlet 50
through the valve seat 51 for a purpose hereinafter
described, the valve member 52 carrying suitable filter
material 67 upstream of the orifice cup 66 to filter the
flow of fuel therethrough so as to prevent any dirt or
the like from the fuel source 22 clogging the orifice of
the orifice cup 66.

A valve guide disc or washer-like member 68 is se-
cured to a plurality of rib means 69 of the housing
means 48 and has a central aperture 70 passing there-
through and telescopically receiving the valve member
52 therein so that movement of valve member 52 by the
diaphragm 53 in a manner hereinafter set forth is guided
by the guide member 68.

A coiled compression spring 71 has one end 72 bear-
Ing against the guide member 68 and surrounds the
valve member 52 in such a manner that the other end 73
thereof bears against an enlarged end 74 of the valve
member 52 so that the force of the compression spring
71 tends to maintain the enlarged end 74 of the valve

6

member 52 in sealing engagement against the valve seat
51 to close the same in the manner illustrated in FIG. 3.

The pressure regulator means 40 that is disposed in
the housing means 48 of the device 27 of this invention
can be of the type disclosed and claimed in the U.S.
Patent to Genbauffe, No. 3,825,029 and comprises a
flexible diaphragm 75 having its outer peripheral por-
tion 76 secured between the housing body 35 and an-
other cover member 77 whereby the side 78 of the
diaphragm 75 1s exposed to the outlet S0 and the other
side 79 of the diaphragm 75 cooperates with the cover
member 77 to define a chamber 80 therebetween.

The flexible diaphragm 75 carries a valve member 81
adapted to control a valve seat 82 disposed downstream
from the main valve seat 51 and leading from the main
valve seat 51 to the outlet 50 as illustrated.

Thus, the pressure regulator means 40 will maintain
the pressure valve of the fuel that passes through the
matn valve seat 51 at a predetermined valve in a manner
well known in the art.

If desired, the valve seat 82 for the pressure regulator
40 and the main valve seat 51 for the main valve mem-
ber 52 can comprise a one-piece member 83 secured in
any suitable manner in an opening 84 passing through a
web portion 85 of the housing body 55, such one-piece
structure 83 having an opening 86 that interconnects
with the passage 64 so that the passage 64 for the con-
trol chamber 60 will be disposed intermediate the valve
seats 51 and 82 for a purpose hereinafter described.

A pair of compression springs 87 and 88 are disposed
in the chamber 80 for the pressure regulator 40 so as to
bear against the diaphragm 75 to tend to urge the valve
member 81 to an open position thereof in opposition to
the force of the pressure differential acting across the
diaphragm 75 when the outlet 50 has a fluid pressure
therein as the chamber 80 merely has an atmospheric
pressure therein. | | _

When both compression springs 87 and 88 are utilized
to act on the diaphragm 73 as illustrated in FIG. 3, the
pressure regulator 40 1s particularly adapted to act as a

pressure regulator for an LPG fuel source whereas only

the compression spring 88 is utilized to act on the dia-
phragm 75 when the fuel source 22 is a natural gas fuel
source, the additional spring 87 being stored in a remov-
able cap 89 of the cover member 77 during the use of
only the outer spring 88 in the manner fully set forth in
the aforementioned U.S. Patent to Genbauffe, No.

3,825,029.

50

33

60

65

Therefore, further details of the structure and opera-
tion of the pressure regulator 40 need not be provided as
the aforementioned U.S. Patent to Genbauffe, No.
3,825,029, 1s incorporated herein by reference to pro-
vide any further desired information concerning the
details and operation thereof.

The contact means 635 for the switch construction 30
comprises a pair of contacts 90 and 91 carried by the
flexible diaphragm 58 and a bridging contact member 92
universally secured to the valve member 52 and being
substantially universally mounted thereto.

In particular, the bridging contact member 92 com-
prises a conductive disc having an opening 93 passing
centrally therethrough and telescopically receiving a
threaded fastening member 94 secured to the intermedi-
ate web 52’ of the valve member 52 so that a concave
portion 95 of the bridging contact member 92 can
swivel on the substantially hemispherical head 96 of the
threaded fastening member 94 as illustrated.
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The outer peripheral portion 97 of the bridgin
contact member 92 is adapted to engage against the
undersides 98 of the contacts 90 and 91 when the dia-
phragm 53 is moved downwardly from the position
Mlustrated in FIG. 3 to the position illustrated in FIG. 4
in a manner hereinafter described to cause the contact
member 92 to provide an electrical connection between
the contacts 90 and 91 for a purpose hereinafter de-
scribed whereby the contact means 65 of the switch
construction 30 are closed as illustrated in FIG. 4.

Further downward movement of the diaphragm 53
from the position illustrated in FIG. 4 to the position
illustrated in FIG. 5 causes the pair of contacts 90 and
91, through their engagement with the bridging contact
member 92, to pull the valve member 52 downwardly
therewith in opposition to the force of the compression
spring 71 to open the main valve seat 51 and thereby
interconnect the inlet 49 with the outlet 50 for a purpose
hereinafter described. |

The contacts 90 and 91 are secured in spaced relation
to the diaphragm 53 by conductive rivet-like members
90’ and 91’ which also fasten insulative members 53’ to
the opposite sides 58 and 59 of the diaphragm 53.

The terminal means 28 and 29 for the device 27 are
respectively carried by the cover member 56 of the
housing part 48 and each includes a first part 99 formed
as a plug-in prong external to the cover member 56 and
being electrically interconnected to a second part 190 of
the respective terminal means 28 or 29 that is disposed
internally of the housing means 48 by a rivet-like electri-
cal connector 101 respectively fastening the parts 99
and 100 to insulating plates 102 and 103 respectively
disposed on opposite sides 104 and 105 of the cover
member 56. Each rivet-like member 101 passes through
opening means 106 of the cover member 56 which is
sealed closed by annular sealing means 107 disposed
around the respective rivet member 101 as illustrated.

The electrical contacts 90 and 91 are respectively
electrically interconnected to the second parts 100 of
the terminal means 28 and 29 by flexible lead means 108
and 109 respectively disposed within the control cham-
ber 60 of the device 27 and respectively interconnected
to the rivet-like members 90’ and 91’ for the contacts 90
and 91 and to the rivet-like members 101 for the termi-
nals 28 and 29. |

In this manner, it can be seen that all of the switch
construction 30, except for the bridging contact mem-
ber 92, 1s either carried by the flexible diaphragm 53 or
the cover member 56 so that the electrical connection to
the device 27 can take place by the terminal means 28
and 29 having the prongs 99 thereof plugged into a
suitable socket-like receptacle inserted between the side
104 of the cover member 56 and a smaller cover plate
110 spaced from the side 104 and being fastened to an
upstanding three sided rib means 111 of the cover mem-
ber 56 to define an opening 112, into which such socket-
type receptacle can be inserted to respectively intercon-
nected the terminals 28 and 29 to the leads 35 and 31.
Thus, the device 27 can be easily interconnected into
the system 20 as illustrated in FIG. 1. |

Therefore, it can be seen that the fluid flow sensing
switch device 27 of this invention can be made by the
method of this invention as previously described in a
relatively inexpensive manner to operate in a manner
now to be described.

When the fluid flow sensing device 27 of this inven-

tion is disposed in the fuel control system 20 previously
described, and the “on-off” valve 23 is in the “off”
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condition thereof, it can be seen that the inlet 49 of the
device 27 is directly interconnected to the fuel source
22 so that the pressure of the fuel in the inlet 49 is the
same as in the control chamber 60 because the outlet 50
1s blocked from the burner 21 by the “off” condition of
the “on-off”’ valve 23. In particular, the pressure in the
outlet 50 through the restricted passage 66, is the same
as in the inlet 49 and therefore, the passage 64 causes the
pressure valve in the control chamber 60 to also be the
same as In the inlet 49 because the passage 64 leads to
the outlet 80. Thus, with the pressure across the dia-
phragm 53 being equal, the force of the compression
spring 61 has moved the diaphragm 53 upwardly to
position illustrated in FIG. 3 so that the force of the
compression spring 71 can maintain the valve member
52 against the valve seat 51 and the diaphragm 53
against the bridging contact member 92. In this manner,
the bridging contact member 92 has its outer peripheral

~ portion 97 completely spaced from the undersurfaces 98

of the contact members 90 and 91 which are held spaced
from the side S8 of the diaphragm 53 by the rivet-like
conductive members 90’ and 91’

Thus, not only is the valve member 52 held against
the valve seat 51 so that fuel cannot flow to the burner
means 21, but also the bridging contact member 92 is
held away from the pair of contacts 90 and 91 so that
the switch construction 30 is in the open condition
thereof to prevent the operation of the transformer 26
and, thus, the energizing of the ignition coil 24.

However, when the operator desires to utilize the
burner means 21, the operator opens the “on-off”” valve
23. The initial opening of the “on-off”’ valve 23 vents
the pressure in the outlet 50 of the device 27 to the
burner 21 so that the initial pressure drop between the
inlet 49 and outlet S0 results in a corresponding pressure
drop across the diaphragm 53 caused by the pressure in
the control chamber 60 being evacuated through the
outlet 50 and thus being less than in the inlet 49 because
the restricted passage 66 cannot maintain the pressure in
the outlet S0 at the same rate that is provided in the inlet
49. Thus, the diaphragm 53 is moved downwardly by
the resulting pressure differential across the same in
opposition to the force of the compression spring 61
until the undersurfaces 98 of the pair of contacts 90 and
91 make contact with the bridging contact member 92
as illustrated in FIG. 4 to cause closing of the switch

- construction 30 and, thus, operation of the transformer

50

35

60

65

26 to energize the ignition coil 24 in the manner previ-
ously described.

Further downward movement of the diaphragm 53,
because of the pressure differential acting across the
same, causes the pair of contacts 90 and 91 to pull the
bridging contact member 92 downwardly therewith in
opposition to the force of the main compression spring
71 which movement, of course, causes the valve mem-
ber 52 to be pulled away from the valve seat 51 in the
manner illustrated in FIG. 5 to permit fuel in sufficient

~quantity to now flow from the source 22 through the

open valve seat 51, pressure regulator means 40 and
open valve means 23 to the burner means 21 to be ig-
nited by the igniter coil 24 as the same issues therefrom.

As long as the “on-off” valve 23 remains in the “on”
condition thereof, fuel continuously flows from the
source 22 to the burner 21 at the pressure determined by
the setting of the pressure regulator 40 and since the
device 27 remains in the open condition as illustrated in
FI1G. § during this time, the switch construction 30
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remains in its closed condition and the ignition coil 24
remains In its energlzed condition.

The pressure in the control chamber 60 cannot bulld
up to equal the pressure in the inlet 49 as long as the fuel
flows through the open valve seat 51 because of the
aforementioned venturi effect at the opening 86 for the
passage 64 to cause partial evacuation of the pressure in
the control chamber 60.

The fuel flowing through the valve seat 51 to the
outlet 50 acts on the diaphragm 75 of the pressure regu-
lator means 40 in opposition to the force of the spring 88
or springs 88 and 87 so that the resulting position of the
valve member 81 relative to the valve seat 82 deter-
mines the pressure value of the fuel that is delivered by
the outlet to the burner means 21 in a manner well
known in the art. '

However, should the operator subsequently close the
“on-off” valve 23, the closing of the valve 23 stops the
flow of fuel to the burner 21 and now causes the pres-

sure in the outlet 50 of the device 27 to build up, by the
fuel still passing through the opened valve seat 51, until

the pressure in the outlet 50 and, thus, in the control
chamber 60 1s substantially the same as the pressure in
the inlet 49. In this manner, the pressure differential
acting across the diaphragm 53 progressively decreases
so that the force of the compression spring 61 first
causes the diaphragm 53 to move upwardly and cause
the valve member 52 to close against the valve seat 51 in
the manner illustrated in FIG. 4. Further upward move-
ment of the diaphragm 53 by the force of compression
spring 61 then causes the pair of contacts 90 and 91 to
move away from the bridging contact member 92 in the
manner illustrated in FIG. 3 to thereby open the switch
construction 30 and terminate the operation of the
transformer means 26 whereby the ignition coil 24 is
now deenergized. '

‘Thus, as long as the “on-off”’ valve 23 remains in the
“off” condition thereof, the pressure in the outlet 50
remains the same as the pressure in the inlet 49 because
of the restricted passage 66 whereby the diaphragm 53
remains in the up condition illustrated in FIG. 3 so that
not only is the valve member 32 in its closed condition
against the valve seat 51, but also the switch construc-
tion 30 is in the opened condition thereof.

‘Therefore, 1t can be seen that not only does the loca-
tion of the contact means 65 of the switch construction
30 in the inlet 49 of the fluid flow passage of the device
27 render the device 27 relatively compact, but also
such arrangement of the contact means 65 readily per-
mits the fluid flow sensing switch device 27 to close the
switch construction 30 before the valve member 52
thereof is moved to an open condition relative to the
valve seat 51 as set forth in the aforementioned copend-
ing patent application, Ser. No. 936,112. Conversely,
the location of the contact means 65 permlts the valve
member 52 to close before the switch construction 30 is
opened as also set forth in the aforementioned copend-
ing patent application, Ser. No. 986,112.

Further, by forming the contact means 65 as a pair of
spaced apart contacts 90 and 91 carried by the dia-
phragm 53 in accordance with the teachings of this
invention, it can be seen that the terminals 28 and 29 for
the system 20 can be carried by the cover member 56 of
the housing means 48 to permit the electrical connec-
tion leads 108 and 109 to be disposed in the control
chamber 60 so that the main housing body 55 need not
carry any terminal means thereof in the fluid flow path
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therethrough as provided in the prior described fluid
flow sensing switch device.

As previously stated, the system 20 of this invention
can utilize the electronic switching means 105 of FIGS.
1 and 7 1f desired, the electronic switching means 105
being fully disclosed and claimed in the aforementioned
copending patent application, Ser. No. 936,116.

In particular, the electronic switching means 105 as
illustrated in FIG. 7 can comprise a potted unit 113 that
contains therein a pair of electrical resistors 114, 115, a
capacitor 116 and a triac 117 electrically interconnected
as illustrated m FIG. 7 so that four terminals 118, 119,
120 and 121 extend therefrom to be electrically inter-
connected in the leads 31 and 35 of the system of FIG.
20 of FIG. 1.

For example, the terminal 120 of the unit 113 is inter-
connected to the lead 35 that extends from the power
source lead L2 to the unit 113 while the remaining
portion of the lead 35 that extends from the unit 113 to
the terminal 28 of the fluid flow sensing switch device
27 is interconnected to the terminal 118.

The terminal 121 of the electronic switching umt 113
ts interconnected to the portion of the lead 31 that ex-
tends from the unit 113 to the side 32 of the primary coil
25 of the transformer 26 while the terminal 119 thereof
1s interconnected to the portion of the lead 31 of FIG. 1
that extends between the unit 113 and the terminal 29 of
the device 27.

As 1llustrated in FIG. 7, it can be seen that the termi-
nal 118 of the unit 105 is electrically interconnected by
lead means 122 to the resistor 114 while the terminal 119
1s interconnected by lead means 123 to the gate 124 of
the triac 117 which will interconnect the power source
lead L2 through the triac 117 to the side 32 of the pri-
mary coil 25 of the transformer 26 when the terminals
118 and 119 are interconnected together which happens
when the switch construction 30 of the fluid flow sens-
ing switch device 27 of this invention closes for the
reasons previously set forth.

Therefore, it can be seen that a relatively small cur-
rent, because of the resistor 114, will flow through the
electrical switch 30 of the device 27 when the contact
means 65 thereof are closed in the manner previously
described so that arcing between the opening and clos-
ing of the contact means 65 of the switch means 30 is
held to an absolute minimum to prevent carbon buildup
thereon for the reasons advanced in the aforementioned
copending patent application, Ser. No. 936,116, while
permitting the electronic switching means 105 to inter-
connect the high voltage, high current power source
leads L1 and L2 together through the primary coil 25 of
the transformer 26 when the triac 117 senses an electri-
cal current at the gate 124 thereof by the electrically
interconnecting together of the terminals 118 and 119.

While the system 20 illustrates the electronic switch-
ing means 105 being remote from the device 27 and
external thereto so as to be located anywhere on the
cooking apparatus as desired, it is a feature of this inven-
tion to incorporate the electronic switching means 105
in the housing means 48 of the fluid flow sensing switch
device 27 of this invention in the manner also set forth
In the copending patent application, Ser. No. 936,113.

In particular, as illustrated in FIGS. 3 and 6, the lead
means 108 and 109 that are disposed in the control
chamber 60 have the components 114, 115, 116 and 117
of the electronic switching means 105 incorporated
therein so that such electronic switching components
114-117 not only are disposed within the housing means
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48 of the device 27, but also such components 114-117
are carried by the cover member 56 and flexible dia-
phragm 53 so as to be removable therewith for easy
repair and replacement services as previously de-
scribed.

Therefore, it can be seen that the fluid flow sensing
switch device of this invention and method of making
the same as illustrated readily permits the electronic
switching means 105 to be utilized in combination with
the electrical switch 30 thereof while being contained in
the same housing 48 therewith to accomplish the unique
function thereof as illustrated in FIGS. 1 and 7 and as
set forth in the aforementioned copending patent appli-
cation, Ser. No. 936,116.

In addition, it can be seen that by forming the housing
means 48 of this invention to have the inlet means 49
and outlet means 50 disposed in aligned relation and by
having the pressure regulator means 40 and main valve
member 52 disposed in aligned relation transverse to the
aligned inlet 49 and outlet 50, the overall size of the
housing means 48 is relatively compact yet permits a
complete pressure regulation of the fuel flowing there-
through and operation of the switch construction 30 for
the reasons previously set forth.

Therefore, it can be seen that this invention not only
provides an improved fluid flow sensing switch device
and method of making the same, but also this invention
provides an improved fuel control system utilizing such
a fluid flow sensing switch device.

While the form and methods of this invention, now
preferred, have been illustrated and described as re-
quired by the Patent Statutes, it is to be understood that
other forms and method steps can be utilized and still
fall within the scope of the appended claims.

What 1s claimed is:

1. In a flmd flow sensing switch device having a
self-contained housing means provided with a fluid flow
passage therethrough defined by an inlet for receiving a
fluid and an outlet disposed in spaced coaxially aligned
relation in said housing means and separated by a main
valve seat controlled by a movable main valve member
that has means adapted to be operated by a pressure
differential that is adapted to be created between said
inlet and said outlet, said device having an electrical
switch construction operatively associated with said
main valve member and having contact means thereof
adapted to be actuated by said pressure differential, the
improvement comprising a pressure regulator disposed
In said housing means for regulating the pressure of said
fluid that passes from said inlet to said outlet of said
housing means, said pressure regulator being disposed
downstream from said main valve seat so as to act on
said fluid after the same passes through said main valve

seat from said inlet, said pressure regulator having a:

valve seat and a valve member for controlling said
valve seat thereof, said valve seat of said pressure regu-
lator and said main valve seat being disposed in spaced
coaxially aligned relation in said housing means and
substantially transverse to the coaxially aligned inlet
and outlet.

2. A device as set forth in claim 1 wherein said valve
seat of said pressure regulator and said main valve seat
comprise a one-piece member formed separately from
sald housing means and disposed therein.

3. A device as set forth in claim 1 wherein said pres-
‘sure regulator has a flexible diaphragm interconnected
to said valve member of said pressure regulator and
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being exposed to the fluid pressure in said outlet so as to
be responsive thereto.

4. A device as set forth in claim 3 wherein a main
flexible diaphragm is carried by said housing means and
1S operatively interconnected to said contact means to
control said contact means, said main diaphragm being
exposed to fluid pressure in said inlet on one side thereof
and to fluid pressure in said outlet on the other side
thereof. |

S. A device as set forth in claim 4 wherein said hous-
ing means cooperates with said other side of said main
diaphragm to define a chamber therebetween, said

- housing means having a passage means leading from
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said outlet intermediate said valve seat of said pressure
regulator and said main valve seat to said chamber.

6. A device as set forth in claim 5 wherein said pas-
sage means interrupts said one-piece member intermedi-
ate said valve seats thereof. |

7. In a method of making a fluid flow sensing switch
device having a self-contained housing means provided
with a fluid flow passage therethrough defined by an
inlet for receiving a fluid and an outlet disposed in
spaced coaxially aligned relation in said housing means
and separated by a main valve seat controlled by a
movable main valve member that has means adapted to
be operated by a pressure differential that is adapted to
be created between said inlet and said outlet, said device

~ having an electrical switch construction operatively
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assoctated with said main valve member and having
contact means thereof adapted to be actuated by said
pressure differential, the improvement comprising the
steps of disposing a pressure regulator in said housing
means for regulating the pressure of said fluid that
passes from said inlet to said outlet of said housing
means, disposing said pressure regulator downstream
from said main valve seat so as to act on said fluid after
the same passes through said main valve seat from said
inlet, forming said pressure regulator with a valve seat .
and a valve member for controlling said valve seat
thereof, and forming said valve seat of said pressure
regulator and said main valve seat to be disposed in
spaced coaxially aligned relation in said housing means
and be substantially transverse to the coaxially aligned
inlet and outlet.

8. A method as set forth in claim 7 and including the
step of forming said valve seat of said pressure regulator
and said main valve seat as a one-piece member that is
separate from said housing means and to be disposed
therein. -

9. A method as set forth in claim 7 and including the
step of forming said pressure regulator with a flexible
diaphragm that is interconnected to said valve member
of said pressure regulator and is exposed to the fluid
pressure in said outlet so as to be responsive thereto.

10. A method as set forth in claim 9 and including the
steps of disposing a main flexible diaphragm in said
housing means, operatively interconnecting said main
diaphragm to said contact means to control said contact
means, and exposing said main diaphragm to fluid pres-
sure in said inlet on one side thereof and to fluid pres-
sure In said outlet on the other side thereof.

11. A method as set forth in claim 10 and including
the steps of forming said housing means to cooperate
with said other side of said main diaphragm to define a
chamber therebetween, and forming said housing means
with a passage means leading from said outlet interme-
diate said valve seat of said pressure regulator and said
main valve seat to said chamber.
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12. A method as set forth in claim 11 and including
the step of forming said passage means to interrupt said
one-piece member intermediate said valve seats thereof.

13. In a fuel control system having an electrically
operated ignition means, a fuel source and a burner
means for receiving fuel from said source through a
passage defining means to be ignited by said electrically

operated ignition means, said passage defining means

having a fluid flow sensing switch device therein that
comprises a self-contained housing means provided
with a fuel flow passage therethrough defined by an
inlet for receiving said fuel and an outlet disposed n
spaced coaxially aligned relation in said housing means
and separated by a main valve seat controlled by a
movable main valve member that has means adapted to
be operated by a pressure differential that is adapted to
be created between said inlet and said outlet, said device
having an electrical switch construction operatively
associated with said valve mémber and having means
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adapted for operating said ignition means, said means of 20

said switch construction comprising contact means
thereof adapted to be actuated by said pressure differen-
tial, the improvement comprising a pressure regulator
disposed in said housing means for regulating the pres-
sure of said fuel that passes from said inlet to said outlet
of said housing means, said pressure regulator being
disposed downstream from said main valve seat so as to
act on said fuel after the same passes through said main
valve seat from said inlet, said pressure regulator having
a valve seat and a valve member for controlling said
valve seat thereof, said valve seat of said pressure regu-

25

30

35

435

50

65

14

lator and said main valve seat being disposed in spaced
coaxially aligned relation in said housing means and
substantially transverse to the coaxially aligned inlet
and outlet.

14. A system as set forth in claim 13 wherein said
valve seat of said pressure regulator and said main valve
seat comprises a one-piece member formed separately
from said housing means and disposed therein.

15. A system as set forth in claim 13 wherein said
pressure regulator has a flexible diaphragm intercon-
nected to said valve member of said pressure regulator
and being exposed to the fuel pressure in said outlet so
as to be responsive thereto.

16. A system as set forth in claim 15 wherein a main
flexible diaphragm is carried by said housing means and
is operatively interconnected .to said contact means to
control said contact means, said main diaphragm being
exposed to fuel pressure in said inlet on one side thereof

and to fuel pressure in said outlet on the other side
thereof.

17. A system as set forth in claim 16 wherein said
housing means cooperates with said other side of said
main diaphragm to define a chamber therebetween, said
housing means having a passage means leading from
said outlet intermediate said valve seat of said pressure
regulator and said main valve seat to said chamber.

18. A system as set forth in claim 17 wherein said
passage means interrupts said one-piece member inter-

mediate said valve seats thereof.
* % Kk %k ok
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